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CHANGES  IN  CARDIAC  OUTPUT  K)IL0\YING  THE  ADilENISTRATION 
OP  SARIN  AND  OTHER  mRMACOLOGICAL  AGENTS 


PART  2.  Oorrelation  of  ballistonardiofgaphlc  and  direct 
floi»  measurementa  in  the  dog,  and  observatiotTa  on 
'  the  effeota  of  Sarir. 

R,J,  Shephard 
SUMMARY 

1*  Balliatocardiogpaph  (B,0,G,)  estimates  of  oardiao  output  in  the  dog 
have  been  ooitpared  -with  dii'oot  measurements  of  aortio  flov)  made  by  venturi 
tube  oannula, 

2,  The  relationship  between  indirect  and  direct  flow  measurements  was 

not  linear,  but  the  3,C,G»  gave  a  correct  qualitative  index  of  flow  changes 
produced  by  Sarin,  pressor  e^nos,  ana  haemorrhage  ' ’  '>  '/xjuje 

inhalation  the  B.O.G,  indicated  a  small  increase  cf  caroxcc  output  noo  snown 
by  the  aortic  flow-meter, 

3,  L^t+lo  improvement  in  the  accuracy  of  the  B,C,G.  oar.  be  expected  from 
modifications  of  table  design,  since  the  orro-a  azriso  mainly  fror  the  action 
of  the  drugs  to?tou  on  aortio  crest,  •occticn,  ^^oriphoi'a!  vas^^ulai  tone,  rate 
of  caruiao  ejection,  and  overlap  of  successive  baj.listio  waves, 

4,  Sarin  had  no  offoot  on  the  oardiovascular  system  of  the  dog  at  a  dose 
of  5  V«gA:g, 

A  dose  of  20  pgAg  gave  slowing  oi  the  pulse  and  a  fall  of  blood  prossxu:^, 
but  an  increase  of  stroke  volume,  after  a  lag  period  of  20  -  180  soo.  These 
changes  wore  reversed  by  1*2  mg  of  atropine  (with  continued  artificial  respira¬ 
tion),  but  in  some  cases  the  blood  pressure  later  again  foil.  This  seoondaiy 
effect  was  reversed  by  pressor  amines. 


(Sgd,)  0,  Lovatt  Evans, 

Head,  Physiology  Section, 


RJS/FMP. 


(Sgd.)  W,S,S.  Laden, 

Assistant  Diroctor( Medical), 
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PART  2,  Correlation  of  ba! 
flow  aBaaurewnia  * 


the  dfieots  of  Sarin 

Ry 

ILJ.  Shephard 


^  _  .^0  and  direot 

Qg.  and  opaarvationaon 


INTBODUOTION 

AlthoujJi  the  balUstoaardlog^aph  (B,0,Cr,)  gives  aotse  indication  of 
oardiao  output,  it  is  nooessary  also  to  use  laore  direct  msthods  of  flow 
iQoasuromont  to  validate  the  changes  observed  in  a  given  teat  situation. 

For  reasons  discussed  in  the  previous  paper,  direct  measurements  of  oardiao 

output  WfflTO  not:poasiblo  in  'ivtc  exporiiaintal  subjects.  TI-— 

oaUbration  was  thoroforo  carried  out  on  tho  dog,  using  ^  I>,C,G. 

Those  e:q?erias8nts  aro  now  repojrted. 

Direct  measurements  of  aortic  flow  and  oardiao  output  calculated 
from  tne  B,C,G,  have  boon  oonparod  during  astainistration  of  "arin 
(isopropyl  methyl  phc3phcnofluorid.-t2),  er.i  also  following  -  r.,..l)or  of 
procedures  giving  large  changes  of  blo^  pressure,  since  it  has  bov^n  suggested 
that  tho  B,0,G,  is  partioulnrly  liable  to  error  vfaoro  the  blood  praa,5Ui-e  varies 
widely  (1 ), 

Uuoh  larger  doseo  of  Bardn  could  bo  given  to  the  dogs  than  vfould  bo  possible 
in  hxunan  esperimonts.  Previous  authors  have  found  a  oonsidsrablo  decrease  of 
cardiac  output  following  large  doses  of  cholinesterase  ihhibitoirs  (2,  3),  and 
it  has  boon  suggested  (4,  5,  6)  that  in  some  speoias  oardiao  or  peripheral 
vascular  failure  has  been  a  factor  in  late  deaths,  despito  troata»nt  wi-th 
atropine.  Thlf.  has  considerable  practical  importance,  fbr  if  a  depression  of 
oai'diao  cutout  ooourred  in  human  subjects,  this  mi^t  point  a  need  for  pressor 
amines  in  too  treatment  of  severe  oholir^vsterasa  poisoning,  as  suggested  by 
do  Candole  (4“6),  Aooordingly,  oorisia.-'ation  has  boon  given  to  tho  t  'cts 
of  pressor  aijiines,  and  their  value  is  toerapy. 


MBTtgPS 


■f*  Preparation.  Itongrol  dogs  of  10-15  kg/vt  vtoro  anaesthetized  with 
pentobarbitone  sodium  B,P,  (l  mlAg  I«P.  of  solution  45  mgM  in  10^  alcohol). 
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Drugs  were  adioinistorod  via  a  cannula  in  the  proxii^al  end  of  the  external 
jugular  vein,  and  a  second  cannula  in  the  distal  end  seirved  for  the  collection 
of  hlood  sariples.  Intra-arterial  prossuras  vievo  recorded  hy  u  carotid  cannula 
connected  to  a  saline-filled  capacitance  jaanonutor.  A  tracheal  cannula 
permitted  contrxjlled  respiration*  The  descending  aorta  was  exposed  through 
the  fifth  or  sixth  intercostal  space,  and  after  tying  intercostal  vessels, 
a  stainless  steel  venturi  tube  was  inserted  into  the  aorta.  The  main 
disadvantage  of  this  tociiniguo  was  the  need  for  a  full  dose  of  heparin  to 
prevent  olot<ijng  within  the  cannula,  lUiis  led  to  venous  oozing,  particularly 
within  the  thorax,  and  a  consequent  deterioration  in  the  general  condition  of 
the  anir.ial  de:^ite  intravenous  infusion  of  "Dextran”  (sterile  non-pyro genic 
solution,  10^  w/v  in  5^  dextrose),  IQio  initial  hypotension  noted  in  some 
expei'iDont,:  did  not  invalidate  the  comparison  of  B,0,G,  and  direct 
raecrds;  liidoed  it  pwibably  made  the  ooqparicon  more  searrfiing.  However, 
it  .^luld  hr.vo  been  a  factor  increasing  the  apparent  value  of  pressor  amines 
in  the  therapy  of  Sarin  poisoning, 

IShen  preparation  of  the  animal  was  oor^Dlete,  it  was  transferred  to  a 
loMHfroquency  critically  darped  B,0,G,  table  as  described  in  the  previous 
paper  (l).  Hot  water  bottles  wore  applied  between  recordings  to  prevent 
a  fall  of  body  tenperature, 

2,  Aortic  flow' moasurorjent 

(a)  Technique.  A  stainless  stool  venturi  tube  fiowmetor  cannula  was 
designed  to  general  principles' dasoribod  by  Ower  (’),  'the  •'.nlat  ant/V'  V-* 

20°  and  the  outlet  5°  (F1k,1),  The  pressure  tappings  wei*o  '!.nitj.«.i.jy  rnaue 
very  small  (I2j/1 0,000  in,)  •fco  avoid  disturbing  pressure/flow  relationships 
in  the  primary  axis  of  -the  tube,  but  problems  arose  from  air  locks  and 
clotting  nf  blood  within  the  -tappings,  A  second  model  with  larger  (1/16  in,) 
tappings  overcame  those  difficulties,  and  still  ^avo  a  water  oalibrtiion  curve 
corresponding  closely  with  tl^e  thecretL-v.!**  results  fci"  »  vont^ri  vjbo  of  thoao 
dinBnsions  (i'ig,l).  The  oaHbration  curve  for  whole  blood  was  rather  different, 
presumably  ovdng  -to  the  onset  of  -turbulenco  within  tho  constriction,  but  was 
still  reproducible,  and  the  differential  pressure  was  of  a  suitable  order  for 
estimating  aortic  flow* 

Differential  pressures  were  measured  by  a  pressurized  U-tubo;  the  upper 
ends  of  tho  two  arms  wore  connected  via  a  -three-way  tap,  and  -the  amount  of  air 
in  -the  system  adjusted  so  that  blood  rose  about  half  way  iip  the  two  tubes. 


u 

Application  of  Bemouilli’s  thooren  shows  that  in  a  perfect  -venturi  sysl. 
with  no  loss  of  pz-essure  head; 

whore  and  ?£  are  tho  respective  pressures 
and  and  Vg  the  TOspootive  linear  volooitios 
boforo  and  after  entering  the  oonstriction, 
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P3oTf?  was  oaloulated  the  nean  differential  pressure  at  any  given  tine# 
using  the  hlood  calitaration  oncvo  of  Fis,1  • 

(b)  goigoes  of  error* 

(i)  Yiaoosity  <3ianpjaa»  Since  flow  is  turbulent  the  differential 
proa&uro  across  th?  -/enturi  is  viscosity  dependant •  A  gradual  alteration 
of  vic-irr-ity  will  result  fron  the  Dextran  infusion,  but  this  should  not 
bo  sufficient  to  laask  the  relative  dianges  produced  by  the  different  drugs. 
Alterations  of  haamatoorit  fbllowing  Sarin  adninistration  are  s^ll  and 
insufficiont  to  account  for  the  observed  changes  of  differential  pressure, 

’  ii}  Ehacio  ohanpus  of  flow,  Ilheae  were  ninliaized  by  t.«j  air 
connootii.g  the  two  limbs  of  the  U-tube,  As  Owor  (?)  has  pointed  out, 
errors  from  pi^lsatile  flow  in  a  venturi  are  small  if  ^ow  variations  are 
kept  below  2^  of  mean  flow, 

(iii)  Redistribution  c/  flow.  The  principle  of  calibration  tacitly 
assumes  that  the  venturi  tube  in  the  descending  aorta  receives  a  constant 
proportion  of  the  total  cardiac  ouiput.  However,  there  is  at  present  no 
reason  to  suppose  that  sarin  produces  a  redistribution  of  flow  between 
the  upper  and  lower  halves  of  the  body, 

3,  B.O,G,  cardiac  output  measurement.  The  sitple  oqpirical  foxiJula 
described  in  ■feW  piWious  paper  of  'tills  series  was  used  to  calculate 
relative  oai'diao  output: 

relative  atioto  TOluna  -  ,D  .nplitua,  x  Mood 

U  titae 

\aluos  for  cardj.ao  output  were  cocputc-d  using  both  the  orpirioal  blood 
pressure  factor  of  Nickerson;  ar*?  r^so  th>J  mcdzfisa  bloc  -  p.  ■  ssure  facto-' 
derived  from  Roy's  aortic  pressuro/voluae  curve, 

RESULTS 

1,  Comparison  of  BtGoG,  and  aortic  flow.  Extensive  comparisons  of  the 
B,0,G,  cardiac  output  values  with  directly  metered  aortic  flow  rates  i»re 
carried  out  in  three  dogs  over  a  wide  range  of  blood  pressures  from  severe 
hypertension  to  terminal  hypotension.  Findings  in  the  three  animals  iwre 
essentially  similar,  and  to  permit  pooling  of  the  data,  flow  values  have 
been  expressed  as  mlA&^ciin, 

Wlaen  insertion  'of  the  aoirtio  cannula  and  other  surgical  proced 
had  been  oorpleted,  the  dofc^  wore  in  a  state  of  moderate  hypotonsioii  .mean 
S3rstoalo  blood  pressure  50-70  cw  Hg),  At  this  stage,  the  B,0,G,  apparatus 
was  so  sc  justed  that  the  ratio  of  B,0,G,  to  direct  flow  reading  was  unitgr  or 
a  little  less.  Blood  pressure  was  then  increased  by  pressor  amines,  and 
finally  reduced  to  vary  low  values  by  prolonged  bleeding.  Qualitative 
agreement  between  the  B.C^G,  and  direct  flow  readings  was  maintained  throu^out 
these  tu5)erinents,  but  a  quantitative  relationship  oould  not  be  dooonatrated 
over  more  than  a  limited  range  o'.’  olocd  pressures  (Fig, 2,  Table  1), 
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Assiining  tho  descending  aorta  to  receive  one  half  of  the  total 
cardiac  output,  tho  observed  absolute  flow  values  confonnsd  mite  well 
■with  previous  figures  for  dogs  under  barbiturate  anaastho3ia(8).  With  either 
nothod  of  calculation,  tho  over^stioated  the  flow  at  higji  blood 

pressures,  and  under-estimated  the  flow  at  low  pressures;  eaprofsing  tho 
calibration  in  terns  of  a  ratio  (Table  1),  tho  Nickerson  fomula  yielded 
a  ton-fold  change  of  slope,*  and  with  tho  modified  blood-pirossure  factor  a 
fotuvfbld  change  of  slope  still  occurred  over  this  range  of  blood  pressures. 

Sffeot  nf  Sarin,  B.G.G.  readings  were  obtained  from  five  dogs  during 
tho  course  of  treatment  with  sarin  and  atropine.  Results  are  sunnarized 
in  Table  2,  and  detailed  values  for  one  exporinent  on  dog  1  are  plotted  in 
Fig.i^ 

An  intrair-nous  ucsa  of  5  VsAg  produced  no  consistent  change  c  '  puxse 
rate,  and  axthou^  tiio  B.,C,G.  did  indicate  a  small  decrease  of  cardiac  output, 
thi-  Was  not  cenfimad  by  direct  f2,ow  noosuretaonts.  The  critical  dose  needed 
to  produce  cardiac  slowing  was  of  tho  order  20  y^^g.  In  one  dog  (No.  5), 
slowing  was  produced  15  US'^g>  out  only  after  a  lag  of  5  EJin.  In  throe 
dogs,  a  dose  of  20  ug/kg  produced  sudden  and  marked  cardiac  slowing  from 
20  -  180  sec  after  the  injection.  In  tho  rcaaining  animal  (No.J)  20  pg^kg 
of  sarin  had  little  affect,  but  2  min  after  injection  of  an  additional  10  yg/kg 
the  pulse  became  boch  slow  and  irregular.  Ihe  lesser  sensitivity  of  this 
animal  to  sarin  cannot  bo  attributed  to  the  size  of  the  blood  d'.olinesteraso 
pool  (Table  2),  and  for  the  present  it  remains  unexplained. 

Slowing  of  tho  hoart  was  ossooiated  with  a  fall  of  blood  pressure 
(diastolic  greater  than  syatolJ  'O  arjd  of  caieuxatod  c?rdii "  ontj^ut;  Vu*  " 
volume  was  normal  or  increased,  Tho  directly  measured  ijuw  Iji  dasov-idlng 
aorta  also  showed  soma  decrease,  but  this  was  never  as  great  as  indicated  by 
tho  B.O.G,  (Pigs,  3  and  4)*  In  the  experiment  illustrated,  both  the  lung  lag 
period  prior  to  tho  response  and  tho  partial  reoovory  of  B.O.G.  and  oireot  flow 
mo,\8urem0in';s  during  succeeding  minutes  suggest  that  the  total  dose  sarin 
received  (20  ygAigJ  was  only  just  suffl.cJftnt  to  produce  '  r.  eii  tho  lieart. 

This  is  in  striking  contrast  to  tho  blood  cholinesterase  values,  whidi  remained 
8C^  depressed.  (Table  2)« 

An  intravenous  injection  of  0,10  ^  0^12  ng/kg  atropine  wa*»  sufficient  to 
restore  the  pulse  rate  to  the  pr«-3arin  value  in  all  dogs.  In  dog  No,4  a 
smaller  dose  (0,06  ngAg)  was  given,  but  when  tho  pulse  rata  continued  to 
deteriorate,  a  second  injection  was  given.  In  tho  e:5>orimant  illustrated  in 
Pig,4,  tho  effect  of  atropine  was  apparent  within  10  seconds  but  in  other  dogs 
showing  an  earlier  and  more  marked  showing  of  tho  pulse  with  sarin,  the  same 
dose  of  atropine  sometimes  took  30  Feoonds  to  produce  a  response.  In  all 
cases,  tho  increase  of  pulse  rate  occurred  quite  suodenly,  Imediately,  both 
systolic  and  diastolio  pressures  wore  olovatad  above  previous  resting  valu 
and  both  tho  B,0,G,  and  the  aortic  cannula  measurements  indicated  a  rise  o. 
cardiac  output.  However,  the  alteration  in  cardiac  output  indicated  by  the 
B,0,G,  was  muoh  distorted  by  tho  associated  changes  of  blood  pressure.  In 
the  oxporduontsofHg.4*the  blood  pressure  oorrocticn  factor  was  sufficiontly 
largo  tc  oonvort  a  deoreaso  of  B.C,G.  aE5>litudo  to  an  inci^oaso  of  calculated 
oardi»>  output.  Obviously  in  such  oircunstancoa,  -the  B.C.G,  cannot  have  more 
than  qualitative  significance. 
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Hio  smll  seconcl^ry  f&ll  of  blood  pros  sure  soon  in  tiio  ninutos  following 
atrxjpino  injootion  (Fig,4)  nay  in  this  oxporlnant  indicato  no  noro  than  roliof 
of  tissue  hypoxia  dovolopod  during  the  poriod  of  cardiac  sl-Tviing,  In  other 
dogs  (pnrticulai*3y  No,3  and  Kb»5)»  tho  lator  dotorioration  of  blood  prossirro 
and  cardiac  output  was  narked.  Intravenous  adninistration  of  aranino 
(laovo-'l(n-hydroxy  phenyl)  2  anino  l~propanol  hydrogon-d-tai*trato)  at  this 
stage  gave  a  voiy  draiaatio  if  brief  restoration  of  both  blood  pressure  apd 
cardiac  output  (Pigs,  3  and  5)« 

3,  Effeob  of  ai.xyl  nitrite,  A  crushed  oapsulo  of  anyl  nitrite  (5  ndnins) 
was  held  Wer  the  inlet  port  of  tho  Paloor  respiration  punpc  rapid  fall 
:f  both  systolic  and  diastolic  prossvaro  was  observed  (Fig,6),  '^t  there  was 
littL:  evidence  ci  tho  ooti)ensatory  ta<^:yoardln  soon  in  nan  19'  either  because 
the  .vi\iSso>.-  reflexes  had  boon  depressed  by  anaesthesia^  or  because  tho  initial 
hypotension  was  already  giving  naxinal  stinulation  of  the  reflexes  oonoomed. 

The  B,0,G,  showed  a  large  increase  in  the  anplitudo  of  tho  1J  mveSf  but  l-ittlo 
diango  of  cardiac  output  (a  snail  increase  of  stroke  volume  <25^,  developing 
over  the  course  of  the  first  ninuto).  Again,  a  largo  pressure  oorrootion 
factor  was  involved  in  tho  calculation,  and  the  result  was  shown  to  bo  in  error 
hy  direct  flow  noasurononts  viiich  indicated  no  change  of  cardiac  output  apart 
fixjn  a  fall  of  3^  in  first  ninuto, 

4*  Effeot  of  pressor  amines.  An  injection  of  0,5  ng  of  adrenaline  tartrate 
ga^ra  a  dranatic  but  transient  rise  of  both  systolic  and  diastolic  pressures, 
with  an  increase  of  pulse  rate  (Pig,7)»  Both  B,0,G,  and  aortic  cannula 
showed  an  increase  of  cardiac  output. although  owing  fr>  the*  large  char'-  •. f 
"Bloodprossuro"  factor,  tho  B,0,G,  nuch  cucaggeratuu  ...w  change, 

Ephodrine  sulphate  (10  ng)  produced  a  smaller  but  more  sustained  rise  of  blood 
pressure,  and  a  larger  increase  of  pulse  rate.  Both  B,0,G,  and  cannula  showed 
a  ci’atainsd  increase  of  cardiac  output,  but  again  tho  mgnitudo  of  change  was 
ayagf^r'ited  by  tho  B,0,G, 

In  other  do^,  urai.i.iu  bitaii,rato  was  adrainistex'od  in  10  mg  doses,  Tho 
rise  of  blood  pressure  was  as  largo  as  with  adrenaline,  but  was  more  persistent. 
Both  tho  B,0,G,  ond  aortic  oannula  neasurenents  showed  an  increase  of  flow,  but 
again  tho  B,0,G,  much  oxaggoraved  tho  diango, 

5,  Controlled  haoraontiage.  After  administration  of  pressor  aminos,  .jost 
(umoriments  were  terioinatod  by  deliberate  bleeding  from  tho  extoraal  jugular 
vein.  This  gave  a  progressive  fall  of  blood  pressure  (Pig, 7),  and  terminally 
3  fall  of  pulse  rate.  Both  tho  B,C,G,  and  tho  aortio  cannula  indicated  a 
progressive  reduction  of  cardiao  output, 

DiaCUSSION 

1,  yalidjty  of  B,0,G,  toebni^o.  The  present  observations  have  shown  that 
in  a  wide  variety  of  o:q)orimontal  oituations:  after  administration  of  sarin, 
adrenaline,  ephodrine,  or  aranino,  and  during  controlled  haemorrhage,  the 
B,0,G,  gave  a  correct  qualiiativo  indication  of  changes  in  cardiac  output. 


UNOIASSIPIED 

5. 


UNOLASSIPIEID 


Only  with  anyl  nitilte  did  it  indicate  a  smll  increase  of  flow  \i1er0  in  fact 
no  change  occurred* 

The  calibration  curve  against  directly  measured  aoirtic  flow-rates  was 
non-linear,  and  in  soixt  cases  changes  of  flow  were  grossly  exaggerated. 

This  is  not  surprising  since  the  agents  tastcsd  modify  aortic  cross-section, 
peripheral  vascular  tone,  the  rate  of  cardiac  ejection,  and  pulse  rate  and 
hence  overlap  of  successive  ballistic  waves;  indeed,  it  is  remarkable  that 
the  B,C,G,  is  so  successful  as  a  qualitative  indicator  of  cardiac  cuiput. 
Those  factors,  together  with  other  sources  of  error  such  as  variations  in 
cardiac  axis  and  heart/body  coupling  are  largely  outside  the  control  of  the 
invostigs  bor,  and  are  unlikely  to  be  overcome  by  any  further  Inprovemonts  in 
table  design.  The  rosultt.  show  that  quantitative  observations  aspooia?j.,v 
or.  nan  s'iould  Lj  ocr.firr  cd  by  direct  flow  measuronents  in  an  experimental 
animal ,  particular?,/  Where  large  changes  of  systemic  blood  pressure  are 
involvea, 

‘iho  B,C,G.  is  useful,  howavox*,  in  showing  the  absence  of  change.  Since 
sarin  produced  no  measurable  effect  on  any  cardiac  parameter  in  the  dog  at 
doses  known  to  bo  safe  in  man,  the  5.C.G.  may  thus  be  considered  an  adequate 
tool  to  investigate  the  effects  of  this  agent  on  the  human  heart,  at  those 
doses. 


2,  The  effect  of  larror  doses  of  sarint  Genuine  effects  upon  the  cardio¬ 
vascular  system  wore  noted  when  the  doeo*^ of  sarin  was  increased  from  5  to  20 
The  latter  dose  approximates  the  lower  of  two  estimates  of  intravenous  UlSO  for 
the  dog  (19  PfiAg  -  29  pgAg)  and  the  obsorvoa  doprf»3sion  of  ■>  .1  eo.>l  .  .voruso 

was  in  keeping  with  dosage  of  this  order. 


Despite  their  poor  clinical  condition  duo  to  the  prolonged  general  anaesthesia 
and  inevitable  ’’oss  of  blood  during  preparation  even  this  dose  sometijaes  tool  as 
long  as  throe  minutes  to  produce  cardiac  showing  and  a  fail  of  cardiac  output. 
“0a§Vp»«pts.of  ao.~tic  flw  showed  lhat  the  .'all  of  output  ..us  d..o  sitmly 

volume  m3.£ht  actually  bo  increased  -  at  lSa?t 
initially,  Wilson  (10;  made  similar  obsemrations  in  tno  isolated  heaib-lung 

preparation  of  the  dog;  largo  doses  of  GB  almost  halved  the  heart  rate,  but 
cardiac  output  decreased  by  only  i!vskcrw  ^1l)  also  found  that  in  the  isolated 

rat  heart,  perfusion  v/ith  GB  decu’eaned  ti.«j  rate  but  not  the  amplitude  of  cardiac 
contractions. 


atropine  (l,2  mg  i,v,)  rapidly  restored  a  normal 
iniaodiato  vx^o  of  Iblood  prosauro  follo\7iTin  ati*0T'in^  thara'Dv 
^3  boon  considered  an  expression  of  central  anoxia,  previously  m^od^by  tie 

oJf’  blood  pressure  must  inevitably  onbarass 
the  cerobral  oii^culation  to  some  extent,  but  other  factors  such  as  a  diatur>hnrir*n 

to  the^Sntral  within  the  lung  probably  also  contribute 

The  seconds^  fall  of  blood  pressure  in  some  animals  is  sixailar  to  that 
previously  d^orabed  in  other  species  (i(>*6).  However,  in  the  present  inatanre 

a  co^ined  •  .sponse  to  sarin  intonation,  prolonged  anaesthesia,  and  the  major 
Burgioal  ^roceduiis.  Walaon  (10)  has  pi'eviously  pointed  out  that  anaesthesia 
can  very  readily  convert  a  prossor  response  *0  sarin  to  a  depressor  response, 

UNGLASSIPIED 

6, 


UNOLASSIPnD 


If  tho  sooondai’y  jfell  in  blood  prossurc  was  a  gonuino  offoct  o-f  sar-^.,  it 
nust  havo  boon  a  "nicotinic"  roaponao,  ainco  tho  central  and  lauacarino-liko 
cardiac  and  peripheral  oardiovaacular  actiona  itfould  be  adoquatoiy  counteracted 
by  atropine.  Ganglion  block  haa  usually  been  blaned,  althou^  it  is  possible 
that  in  tho  conscious  aninal  nuaoular  paralysis,  by  dindnishing  venous  return, 
my  nako  c  significant  contribution  to  this  late  failure.  As  noted  by 
do^Candolo  (V6),  the  iroaodiato, situation, can  be  restored. by  the  use  of  pressor 
arainos  such  as  oranane.  In  aodition  to  their  action  on  fcno  heart  and  arterioles, 

such  agents  have  a  uajor  effect  on  venous  tone,  and  this  my  bo  a  factor  in  their 
apparent  effectiveness  in  tho  treatrjont  of  "nerve-gas"  casualties  , 


Tlie  lag  in  the  action  of  both  sarin  and  atrepino  cannot  be  eupiained  in 
tOATTs  of  clro’lation  tiiao  fron  the  external  jugular  vein  to  the  paoenakorj  it 
Cvold  indicate  slow  penetration  fron  the  blood-^stroan  to  the  paoemker,  but 
is  mst  probably  caused  by  oirculation  of  the  agent  as  a  "slug",  insufficient 
of  the  mterial  leaving  the  blood  streau  during  tho  first  few  circuits  to 
inhibit  tho  cholinesterases  in  oardiao  nusole. 


(Sgd,;  w,  juovatt  Evans, 
Head,  Physiology  Section, 


(Sgd.)  W.S.S,  ladoll, 

Assistant  airoctor(Modioal), 
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TABIS-  2  (cont‘a) 


Aotyric  Pt-x>w 


P.T.P,  ?35, 


Sig,  3.5.  Sana  dog  5  min  after  atropine  Injection* 

CardLao  output  and  syatealo  blood  preaaure 
ahoeed  a  aeoondaty  deterioration,  nut  «ere 
reatored  by  injection  of  Araadne  (0.6  ug/kg  l.V,), 


P.T.Pc  735, 
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